Retrieval of precipitable water in a continental scale using split window data. by KUJI, Makoto et al.
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Retrievalofpr ecipitable w aterin a contine ntalsc ale u slng
split window data.
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o ce allbe e.a us e lhey a rc FI O =〝C= av ailable o v c･r hnd due t(l
the c o mplex ILy of)fL(1dsLlrf上1C C e missivl
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Jedlo ve c(1990)illu slr aLed LllC Sp一it WiTldo w＼′aria nc e
Ratio(S W V R)m ethod is ap plic ableto the airborロe M ul-
tispectr alAt m ospheric M appingSe nsor(M AM S)data･ He
s uggestedthat the Visible andInfrared Spiれ Sca nRadi-
oIT)eter(VIS S R)A(rnospher
.ic So u Tlder(VA S)suffersin
itslager spatialrt!s oluli(,n a ndlimited dyr)amic l
■
a Tlge･
Kle espie salld McM iLlh(]9?0)analyz edAdvancttd Very
H igh Res olutio nRadiorne tcl
.(ÅVH RR)a nd VA Sto n:-
【rievethepreclpi【ablc w at er･ Tbcy addres s edlhal the op-
tjlna) in stru Tr)e ntation wa sthege ostatio narysatelli(= ､
.ith
the qu ality orerr o l
･
r educ ed a sm uchaゝ A V ll R R in s†rリー-
n enl aboard Natio n:-t! ('九 e a nic a nd AいTI O SPllCl
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ic A J州 tr卜
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m c s o scale w ate r vapor V arialiotluSitlgÅVHRR / N OAA
data, 1n the LTlelhod, airtemperature effectw ascorr ected
withat m ospheric m odelc alc ulatio ns.
1n this study, ar)algol
lilhm hasbeen uTlderdevelopm e nt
to r( wie v叩 】'(TC
r
lPjlahle.w aterin a C OT)liTJeTlalscale uslng
[JPuL windo v･ J上ll;‾l(1Ja nd tニLLm Spectr al bands)based
ur)L] n】w asLLki(柑り4). Tht:alg(】ritll m W a s appliedtothe
V IS SR aboard (■kost alio n ary Meteor loglCat Satellite1 5
(G ”S-5).
r
r be rt;rie v LXlre s ults wer e co rnpar ed Lothein
siiLl radios unl e oh cゝr v･d (ior L
2. Da皇a 血 s cA･ipもion
～
(he thrL!t-i)pL
I
pさ ぃ[tlata w cTe us ed inthisstudy:OTleis
V 7SS R/CIMS-.idata arLdothers a re radios o ndc a nd Au-
to llated M eleo rdogicalDataAcquisitio nSyste m(A Me-
D ASL)data asrefere nc esf
'
oTpreClpitable w at er a nd sur-
l
■
ace airle mpじral u re aro undJapan, re spectl Vely-
Asto the V ISS R data,the aTlalyzedregio n ra ngesfrorr1
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E in
I()Ilgitude. T he spatialres olutio nisar o und5
●
by5
I
, aTld
thu nthe re t! xist]800 by1 800pix.elsintotal. The R n a-
)yzedsce n e n u mberis 228 (
T
o r00a nd 1 2 U T C, which
t= x【endsJ
l
r() m.Tan Lla ry, Ap輔 ,Jl】1y. a nd Octoberin 1997ir)
pTLrtic ular.
Asro tL”E refere n c edata, on the otherhalld, bo(hradio-
1 (1ndfl and AM eD AS data fro m1988to 1997ar o u nd a
c aLibr ation 山 い -rJ叩 a nir)this study, w e re colI巳Ctedto
e ､Iil11al eprt
L
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u n血 rdtL Yt:I()p川 川 Iutili7.e ちゝ:he splll win-
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posphere(i.e. , bourldarylayer)whe re alm ost allw ater v a-
por exists, A 6.7pm spectral band(so to speak､ a w at er
v apor cha nrLel),is also availablein VIS SR/ G M S-5 data,
which is se nsitiyelothe re一ativ ehumidity aro und 2 0 0to
500 hPa(midd一etropospbere to 【ropopau s e)(Sode n and
Bretherton】993)･
r
mc w at er vapor chanrlelis c又pじCt edto
adds o m einfor m atio n on a wa t er y apo rpr ol
､
iLe whichis
r)o tinfe rred o rl]y fr o nl SPljt windo w chaE川 els 7=.< aEs(-
inte re s tedto co mpa)
'
e Lll e Wil[L･1
1
Y ap()rd血 ibuli(･rl Pa Lttl rn
or(he uppe = r()posphe rc u
･
l ilき1oトili h
tこ1Zc ILl･thil orthじ
low ertr opospheTe u Slng abo a rd(iu; siulJt! St:n S O r/SatCL-
1ite.
3. Analysis and re stlJts
The algoritb111utiliz es atran s mjttan ce r atio oftwo split
window bands. r a therthar7dirt
l
ere n c eoftho s ebrlghtr)e ss
tem pe ratur es, based upo TIAVH R Ran alysIS O v e rla ndby
Iw asaki(1994). In the ru .slstep oflhe algorithlTl, a C ali-
bratio n c ur vewith statistica一regre sio nis m ade betw ee n
pre clpitab】e w ater aT]dthetra n s mittan ce ratio par a meter,
s o a s to simply rL
tb
.
ieyc hitaiprec JPitable w ater withsplit
window data. ln the sect)ndstep, air lelrlPera(u rc efTeelis
c orre cteda ndthe n apparentsL)rf
.
ac e(em perature(i.e. , s u n
race air LenlI妃raturein 【hc m()血】atm o sphereirl仙 s study)
isderivedas aby二proJu 比
The algorithm has scヽ.e raint) wf
-
e alul
.
e S Suchas 1)bo【h
11 and12LITrlChan n els re spor)s eru n cLio n ilretake[lint o
a c c ou nt, 2)n otu n】y w ater vapo r c D nliD u u m abs orption
but als olin e abs orptlO rIWith w ater v apor and other ab-
sorbitlg gases. a r e t ake nhlloco n side ratio nand 3)ap par-
e ntsurfac ete mperaturei畠als o retrie veda ndc o rnparedlo
in situ observation suchas surface al一le mper atun i
The retrievalalgorithm w aspreliminarlly ap pliedto
VIS S R / G M S･5 da(R o n00 U T C, October1 9, ] 9 7 in
partic11]ar ofall datadescribed in previous sectiorl.
a･ Re [ n
'
evalwithrpg7Y Sive cu rv e(jirststep)
･In the firststepofthe algo rithm . S WVR m ethod is uti-
Ijzed(Jedlo ve cI990). Atf
-
lrS l
,
ar)u nit, wh ichc oTllain s3 2
x 32pix els ar oulld Cape Shjo no misaki(33.45
o
N, 1 35.77
o
E), w a s s c( to make segm entar)alysis. Andtherl, a v ail-
able pJ X els.judged asie a tゝc一oud-c o n L a min alcd. w e re
picked upa mo tlgtbc 2 28 scene s, andthor),the staListical
va一u e(S WVR) w a烏Calc uLatedI() r etrie v eprecjpilable wa-
terfo rthe u nit. Fig･ I ilZus Lral esthe rL:1atio nshipbeLw eer)
theSW V Rand pr e c IPitable w ater t:stim ated Fro n =he ra-
dioso r)dedata(00a ndI 2 U T C)al the Cape S hio n o rnis aki.
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Fig･ 1 T he rビtaliL.rlSbipbetw e erlSW V Rc alculated fr oTT[V IS S R
a Eldpre c ]pjlable w ate r e stim ated fr oTTl radio sondedata atCape
S bio n o n lis aki･ Dots a rethe a ctu al data a nd regr es siv elir) ejs
ove rlaid,
Fig･ 1indicatesthatline arr elatio nshipe xistsbetw ee n
S WVR andprec lpitable w ater. A r egres革ivelill e Wa sthe n
deter mined with aleast squ arefitting m ethod:
P W = -200* S WV R 十 20】. (”
Andthe n, pr培C]pitable w ateris expe cted tobe retrie ved
rr orTIS W VRfor al1 units ofthe alls ce nesI Fo r e x a mple,
precipitable w ater, r et-1 eVedLISingEq･(1),issho w TlirLFig.
2forthe cas e of O U T COctober] 9,1997 around Japan.
意醜醤
Fig･ 2(a)Water v apo r cll a n n el(6.7 岬l)im age ryV IS S R / G M S-
5 a nd(b)r etrie v edpre cipitable w ate ron 00 U T C(0 9 JS T)Ocb -
be r19, I997. Displayed reglO JI Orthes epa n els c o v e rsfro mthe
lefttop c o m e r(4 2.8
-
N, 12 9.2
o
E)tothe rlghtbcittOrnO n e(30.0
D
N
.
14 2.0
q
E)im a u nifor minte rvalc o o rdin ateinlatitudin ala nd
lo ngitudin al dire ctio n s, andthe rlther e e xist2 56x 256pix･elsirL
LoLaL A le v eJslic eis 爪O r m aliz ed 缶om whitetobla ck with which
co LTe.qPO ndsf
l
ro TTl m a Xirr)u r nto T71iniTn u m γattleforpaJl e(b)a nd
l
■
FL
.
e Y CTS at
'
o rpa n el(a).
Pl
.
じCipiLablL; W a terisretL
･iev ed ro√olle u nit wllichc o n1
･ ” L ” L
'
3 2J132 pix els, -heTlitisfわu ndthatin Fig･ 2the
r cLriev edprecipilable w ate rdistnbutio n(par) el b)is co arser
thanthe spatial v ariation of w ater vapor charLnel im age
(pa n ela). Co mparingthem ,te ndency ofo v e ralldistribu -
- 14 0-
lionis n o tvery dilTe rc nL But Lll CI)r じ叩 iLahlc 仙
･
ale r e-
triev ed atthe u nits. which L
L
On litin m ourltil n rt!
,
LJIO n,is
sm allerthan thator(heir s u lTO u ndings. T he pn3UipiLahlL)
w at er retriev ed at the ur)its , which seem sLo しO n【ai.rlCi)T uS,
has als othe s a ITle t ende n cy
Pre cipi【able w a ter estjm att)dl
l
ro m radios o nde da ta
arotJTld Japan and[halre [ricy 亡d I
-
ro nthe u nitsco rre spond-
1 ngtO the radioso nde obst5 rV atioD Sites, a re e o nlPa red lo
validate the retrie ved rL! S ults o nlhc s a m e s c e rlein Fig. 2.
The c o mpariso nisiuustr∂ted in Fig･ 3･
甲
≡
くJ
ロ)
⊂:
∽
∽
邑
≡
a.
●
l
/
/
-
● ′
■ ●
′･･
/
＋
1
4
,
/
0 1 2 3 4
PW(S O N DE;gc m
il
)
Fig, 3 T he c o mpal-is し-n Ofpr e etpit ablLI W aterll)W)OLIUO U T C
(09 jS T)October19, 1997 ro rlhc s a m e s c e n ein Fig･ 2. T he
abscis s asho w sthepr eclpilab】e w a(eTeSdr71且Ied fr orr) -71dio s o nde
data andthe ordinatedoes(he oTl e retrie v edu singsplitwindo w
cha nn els onVIS S R, T he o rle-tOIO n eliTleisdraw n as ret
l
e n e e,
Fr o rnFig. 3,itisfo ur)dthat the re t】
.ieved.p
recIPitable
w ater u sing VISS Rdata ove r e s t
l
L m ateS(uTldere slim ale s)
for sm al一(large)precipitable w ate rby abo ut2(1)g c m1
2
ar o u nd 18radios o nde obs e rva tior)alsitesinJapa n,
Fig. 4 illustrates the resultthat the s a m e retrievalm edlOd
w as appliedtothe VISS Rdatain a c o nti e ntalsc ale･
(a) `
済i
Fig. 4(a)W aterv apor cha nTle)(6･7ト1 m)irr)agery V(S S R / G M S-
5arld(b)retrie v edpr e cipitable w ate r on00 U T C( 汐JS T)Oc(o-
be r1()
.
1 99 7 ro √the sa m esc e n ein Fig･ 2･ I)isplayedr eglO n Or
thes eparles c o v ers什o TTltheleft (opじO rn er(7 0
o
N,70
'
E)tothe
rightbotto m o n e(20
?
S､ 160
u
E)in a Llnifo rrninter v a一c o o rdin ate
intati(udir)a)aJld Jo r)gitud in al dir e ctio n s a ndthe n,there exis1
2 24A2 24pix elsin total･ Alevelslic eis n o r m aLiz cd fr('Tl- White
Lu bJd LLk ､･vILil Whit;ll C O rr e SPO ndsL■r o mm axim ulptO minirEl u m
vpuLueIbrpal】el(b)a nd vic e versaL
l
o rpa n el(a)･
ln Fig･ 4. displayedreg]ol-is asfollow s: T heleftpanel
a(waterv apo r chanllel)c orlSistsof 224x224pixels whose
oJl ePIX eJ is m adefn) m ave r age of 8x 呂 o ngln alpIX els.
T he rightpaTl el b(re(rie v edprecipitable w at er)als o c o n-
sists of 224x2 2 4pix els after e achr etriev ed unitis m agnl-
fied byraeto r4 for each dire ction,Andthen 56 x 56units
res u)Iin 224x224pix els .
Co]11Paris o nbetw eeTI Fig.p4a and Fig1 4b, the spatial
v a riatio npatte r nis w ellc?DSisterltata glanc e･ Butthe re
a re s eve ralr eg10n SWher e v al
'iatio npatter r)in e a chpanel
is inco n sisLeTlt: Oneis thereglOTl atthe Him alayas alld
Tibetplatea u whe re topographic effec tis 710 t n egligible
alldthe othe ris wher ehigh-lev elc一ouds existwithtyphoc･n s
a nd deep c o n v e ctiv e clo udsystem intr oplC alr eg1 0n･
/,. C{) - ,c(E
'
()” (,fa L
-
Yte mPe ra tlLrY(SeC O f7dstep)
1rHhe sco71dstepofthe algorith-”, seTI Silivity of S W V R
I() precIPiLilblc w ater w as cxa7Tlirled with r nodelatm o-
sphere, Inthe m odelatm osphe re, w ater vapor and other
ga se o us abs o rptl O r)W e ret akeninto c o71Side ratioTl a S W ell
as w ater v apor c o rl【in u u m abs orptio n. Responsefu rICticlnS
ofVISS Rsplit window w as w eightedin the radianc e sim 11-
1atio n. Fig. 5 ilJu strat号S a Sirn ulatio n res ult.
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Fig. 5 T he relatio TI Shipbetw e e nS W V R(ordin ate)aTld Wate r
Vapo rPath(abs cis sa)･ The U ･S ･Sta ndard atm o sphe re1 97 6(here-
al
l
tcrし†S S 76).in c orpo rated intothe LOW T R A N17, w asassumed
a s a at m osphe ricrr)(del一 lt w a s als o as s u7n edthat su血 c e radia-
tivc let--pe r alu rein lhe m odelra nge sfrom 28 5to 29 5 Kt] nト
ro r mly. Solid lin eisthe c asefo rU S S 7 6. Dashed lin e(do(ted-
da shed)lin eisthe c as eflo pWhichairte mperatureprofileiss c aled
a sthe s u rfa c e air[e nlper atureis higher(lo w e r)tha nU S S 76 by
I() K,
Fro m Fig. 5, itis fo u ndthatSW V RestirTla ted using
- 1 41-
V IS SRdatais s e nsilivc IOPre Cipilablc walt3rin ilSimpJ)
de cr easlng m an tler･ ILis alsD Fo ulldthatthe relaLIO rlShlP
betw een SW V Ra ndprecIPitable w ateris re n l a rkably af-
fe cted byairterrlPera hlr e When pr ecIPitable wate risLgr Ca Le r
than 2gcrn‾コ.
Asa result,it isdesirableto c orrectair em peratureefT-
fectarld theTlimprove a c u ra cy ofthe retriev al(-fpTe C lp -
t able w at e r, The cor rectio n m ethod is also ba s ed upo rl
lw as aki(I994)ir)prin ciple,tl ut afew de vices are ad ded:
Precipilable w ate ris m odifiediniterativeprocedu r e a sair
te mper atu re change s u nde rthe c o nditio nthatw ate r v apo r
v olu m emix l ngratioise on star)t･ A proLlle ofairLe n lPe ra-
tureis a)s o m ultipliedfor arlIev elbythef
L
ac to r ofthevaria-
tion ofsu l.fa ce air( ernperattlr einthei(era tiver)roc edure .
As a r estl tofthe cor rectio n. retrievalaccu r a cy w as no t
impr ov ed atallandthellthe roof nl e aTISqua re error Was
about2gc rrr
2
. This ndic ate s lha Lhc e xact n es sol
l
r egres-
siv ecu rv ein thefirst sLepIS[llし)rt!eritjc illtha nthe co rre c-
tio n ofairte mpera( Ore when (he retrie v al m ethod is apt
pliedto Lhe V IS SR/ G ”S-5sp一itl ViT)dow chaJl n eldata ･
ltisr)ow t un edoutthat the regl℃SSiv e c urv e saredife r-
e n t v ery m uch betwe e n丘
.
o m the a ctu al VISS R data(Fig.
1)a nd fro m the sim ulatio n wi tha m odelatm o sphere(Fig,
5). This dis crepan cyis attributed to(he tlr'C ertainty of
selectio nofclear sky(ロn C O ntamin ated withcloud)pixel
at this stage. It･is then Tle C eSSa rytO revisethis portio n or
ぬe a一gorithm: For ex a mpLe.the a nalysIS unit si2.e Wilbe
cha nged ftoTTI Cu rent32 x 32pixelsto s m allersize(e.g”
16冗】6pixels)to exarnheto selectthe cle ar sky pixe一sin
thefirststep orthe algorithm .
Itis als ofo uJldthatin the s e c o ndsteporthe r etrie val
algorlthm , ap par ents urface temperatu reis retrie vedasw eII
as theimpro v edprec IPitable w ater･ CoTTlpa red with anin
situ obser vatioTl, the retrie ved appar erltSurfac e tem pe ra-
tu r e a s aby-1) r OdtlC t atthe u Tlitaro u ndthe Ca peS hiorlO-
mis aki, w aslo w erby abo ut2 K than the air te mper ature
ofA MeDASdatao r)tllat SCerle.
4･ Su m Tn ary and c o ncludiI)g r em a rks
To retn e ve the preclpitab】e w at eriTla COTILinerll alscile.
a retriev alalgorithm hasbeende ve】opcd･ T he algtp)rithm
is gol ngtObe app一icablein prln CIPleto thes e nso rwhich
hasthe splitwindow chanTle inforlll atio n su cha sVISSR/
GM S15 a nd AVH RR/ NO A A･ T he r etrie valalgorilhn -
waspreli minaTツ apPJiedto the VIS SR/GM S-5 data. The
retrie v edresul【s w ere not w el一c o n silentwiththe pr eclpl-
table w aterestim atedfro m radiosonde obse rvatiorlaro und
jこ1Pan . T heill L
I
o rlSisLe ncy lS a tributedto thele ss e x act-
nt; s s ol
-
regr e s sivei:urV e, ratherthantheinflu e nc eofthe
aln OSPheric Le mpc ra tufe al this stage, Furtherinv estlga-
tio nis reqLlircdto res olve thisdis cr ep an cy.
Rece n t】y,Ba rton aTld Pr atBL(1999)has sho w edtht tra ns-
rnilLa n c er a tio m ethod, which w a side ntic altotheS WV R
nlethod, didn ot w ork w ellandthe ntheyre c o mm endedto
u s ethe ap pro a ch ofsplit windo wbrightn ess tem perature
differ e nc e.
The res山sin this study a ctu ally are c o nsiste ntto their
r e c om m endatio nr Itis, the n, requiredthe c o mpan s o nwith
tw o retrie v a) m ethod u singthe s a m eV ISR/ G M S-5 data:
O neisthebrightn es ste mperatu rediffere nc ein split win-
do w and the otheristhe sp】1t Window va ria n ce ratio
m ethod.
T he retrie val algorithm m ay als obe ap plic ab一e to
A V H R R / N OA Adata which bag also split windo w cha n-
nels, andthe nitis usertl t o c o mparethe r esults e achother
u singboths e ns or/satellitedata. Itis plan71 edto c o mpa re
the retrievedpre 叩itable w ate rto Obje ctiveAnalysisDat a
in ac o ntinentalsc ale asw ell. The ap pare nts urface teTT)-
pe r a t u re, e s 【iTTLa L ed as aby-productwiththe atm ospheric
te mperature c orrectio n, will be co mpared with in-situ ob-
s e rvatioT】aldatain detail.
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